Surface chemistry and spectroscopy of UG8 asphaltene Langmuir film, part 2.
While there has been much focus on asphaltenes in toluene, there has been much less focus on asphaltenes in other solvents. It is important to quantify characteristics of asphaltenes in solvents besides toluene in order to better assess their molecular architecture as well as their fundamental aggregation characteristics. The present work focuses on the investigation of UG8 asphaltene Langmuir films at the air-water interface using chloroform as spreading solvent. The results are compared to the results recently obtained using toluene as spreading solvent. Surface pressure-area isotherms and UV-vis spectroscopy indicate that asphaltenes form smaller nanoaggregates in chloroform than in toluene in similar concentration ranges. Still these nanoaggreates share common features with those in toluene. From the surface pressure-area and compression-decompression isotherms, Brewster angle microscopy, and p-polarized infrared reflection-absorption spectroscopy, it was concluded that small size aggregates are spread on the water surface and the compression of the film leads to formation of large aggregates. The films (Langmuir-Schaefer and Langmuir-Blodgett) studied by atomic force microscopy reveal the existence of nanoaggregates spread on the water surface that coexist with large aggregates formed during compression. In addition to these findings, the spreading solvent, chloroform, allows the determination of asphaltene absorption bands using in situ UV-vis spectroscopy at the air-water interface after 15 min waiting time period. The absorbance data carried out after waiting a time period of 1 h shows similar features with the ones carried out after only 15 min; therefore, there is no need to wait 1 h as in the case when toluene is used as spreading solvent. A comparison of the data obtained from chloroform and toluene shows that smaller aggregate sizes are obtained from chloroform as suggested from the surface pressure-area isotherm, in situ UV-vis spectroscopy, and atomic force microscopy. Nevertheless, the similarity of these nanoaggregates in different solvents suggests this formation is a fundamental property of asphaltenes. Moreover, the lack of the isolated absorption band for one-ring aromatics and only a small peak for two-ring aromatics in the UV spectrum of asphaltenes indicate that these groups are not present in asphaltenes in significant quantities.